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DONVEHTH L, Z1UE. H,H 5L CH, DERK
72T DA S D COD DA% b 726 7-OfEFIC
WEI N END Z . F720MO pH 120G U THAR
ENE LSBT S CO,DEE 2L ET HLENR
WZEDHHTH S,

A4 COD #100% & L. & iH LAY EIGE % X
4R T, HIRDWE. BIRGORAEE1X HRT 10
H2» 530 H D KIZHEE8% A 5 48% 129 A L 72
ML ALY T ADEE1Z41%D H47%I2E L o 720
BIRTERRTE 2%~ 4 % fEETH > 720 —HEimDY
A, BIESORAE A1 HRT 1074 5300~k IC
PEVA8% 2> H34%IZIHA L. A & v H ADEIE1341%
M HAT%IZE < % o 720 TR 138.5%~12% D &
FIZH D HE2ICHIEREILE D ED2r o720 2D L)
2. COD Wg s ¢ i & Bl bz i3 5 &
i U HRT $&FICBWTHERAFBR?ES X ¥ 2 AND
BRI X T IEFEAEE CTdh o 7205, BRSO E I L
TIEEIRHECIC X 28RS0 TH o 720 Z DR R
B AL CIEERR A%  ERE S N7z, i b e
iR LIC B B EEE S (045u m D7 4V F —
THBL72b D) & VFA, kKL, ¥ 230 8B
L FEDMO AN L7z N ENOEEEH 5 12
Yo HIRMEALTIZ &K o COD #5l o F Al ik
1000mg/L L FTH > 720 12xf LT, EiREILTiX
4000mg/L F2E T A5 & E Do T2 DO R, &
R O TE N BEOEREDPHEEZE ThH o720 K
WEgED#ER L 0 EiREIbIC B W CTHILIRICERA T 55
R E T XTI ETH D NG h b,
Houghton & (Houghton, 2001) (X{HRHIZERES
YO EE LTHAET S EPS KIS EY 5 2

B ALIS & 2 FAHIROME L T 5 V¥ — R ORAL

HELTWLZEDS, BRESY VX7 BOFKE I,
FRO X ) ICEEMLIC BT B BEEDOEIIZ
TWAH RN DH 5,

3.6 /&

RIFZE L DB N2 ERETHTROE) TH 5,

1. HRT30H ®&EiRMEILIZ X 5 4R ED COD 7 #
FII50%FEETH ) . FIRHEILOZ I & 0 %R
Eolze 2. FmE L L EiEE LoV LN
KRB R TH > 720

2 . EIRMEILICB VT, VSS GEZRIZA D FEIME R
S ONIK G FEERIE I S 2R X ) B o 72,
LA L BRAFEIR IR & 2 iR & 0 &l
HILDF R E L EDORERGILY Y3V ETh o7z,

3. EIRMALHEIROBAKMEZTR I VEr 72, 2R
EEIREALIC BT B EE S 237 B oA & B
LTwhbEEZHNT,

4. BRBERRBROFEHBEILESRAELICH T
SMEMABERED L

4.1 HEREREE®

SR LI B 2 A B 0SB 53 5 Z BRSO
FOBIZ & o THRAZLL TW b, RBiE TiRR7z & 9 I2HA
HH bR #EIRE & L CHIRE L & EiEE LS s
TWBA, ZOMmEITHIRMERA: Y & SR <
NZENOEEAFTRELEEL TV L, 20720, H
AL & EEMIbIZ BT, B EEIEICBE S 5
MAEMENEl B b EZ LN DL, EEL, HRMUAL
OBFEMILE 7 0+ 2 2B\, iR b & S b
TITHF DR AW EI R S N5 Z &5
BT 5 (Sekiguchi Y., 1998) (Leven L., 2007) o HiE -
T, FIETH S NL72HRIEAL & & iRE LR O B
DEWIIMAEDFEDOENITGERNT LI LEZ 6N

HE iR 6
A A
120 = =
S 7
ij’ 100 ij . 4 L
o 80 a
i 38
= 60 | i ' L
§ 5 2
8 4|
(@]
ﬁ 20 0 | | | | | l
2% 0 10 20 30 10 20 30
HE 10 20 30 10 20 30 HRT (7))
HRT (1) Ozoft MEK{y @¥ 28 OVFA
@ P-COD m S-COD o 24 _ s
B As [5 &5 T3 AR D DM
4 FHIEHEICH (3B COD #EINK

(11)
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Ho LnLZdd b, FRIGIEZ HE &5 BB IEHAL
IZBWT, Wi & SimAtC B 2 AR O

FIH I BARDS T AMLEL 7' 1 2 AT d 2 {E TG T
Gl L 7oA ORERTH L5, 29 LBAEDOH
LN TOZEENEH L2FE D Zve £ 2 TARISE
T, FRGIEO i SR L oA MR IS
WT, FEERREE N S RRIEICTER L 72T 2 17 o 720

72 BEIGRENOBAEN O, HLEIZB1T 5588 %
NS % 7280 SREIGIRISO VT b AR IS A e
AT L LTGRO THE L OB Z 1T - 72,

4.2 EBFE
B AL O 5 R T A 2 MAE109 H H 12 5\ T
HRT20 F C 8 00 5 i J% O i LM 20 & $RE L

72ALTER E I 5 v 7 H HERILL - RENHR > S &
NZNDNA 2l L. T ICH W72, 45 DNA H >
TNIZDOWT, BEIEME %K & 3 % EUB34IF&
UNIVIS00 R & OV i W 2 A 19 & § 5 Al09F&

A &R

ARCIOSOR D /'S A < —+t v N TZFNFINPCR %
f1o720 2Dk, TOPO TA cloning kit #fH L T
s 00— MAbx T, Steonru—r54 75 2

E R

4.3 HRELESRBIEOMEMBFEBS DR
(1) HIEMEEO

£ 5 IR L L BRHLO 7 0= T4 75 ) D
W zRd, CCTREEMROZ O—2F477)
Thb (a) & (b) ICFEHT . HIRHLTIZ11427 10—
YD) HLASDOR L ZEBOERELY O 10— v
(OTU) 255, MLV TT7 207 )V — FIZ55H
ENTze —HTEImMEIZII9Z u— D) E200 5
%% OTU LAa#iiE g, ML XL T3207 ) —
T EE N, FTHITHE%D 7 10— it
Firmicutes FI\Z40 1 CEB Y . Coprothermobacter J&HMl
Worzu—rxZers7u—2r0731%% 50 Twiz,
Coprothermobacter J&MH O F T 3 e b 5 W AHE M %
7R L 72 C.proteolyticus 1322 8 pH 25 & imE LA & 1313

x5 FUREEESRBIEDIO-2F40 75K

(a) FEHE{ELEEMIE 7 O—>51 7351

(C) g HtEME 7 O—>514 75V

Phylum Philogenetic group No. of OTUs No. of clones  percentage Phylogenetic group  No. of OTUs No. of clones  percentage
Firmicutes 15 31 27.2 Methanosaeta 1 4 7.0
Clostridium 4 8 Methanosarcina 1 11 19.3
Proteobacteria 13 20 175 MADWAS Cluster 1 10 175
Dechloromonas ! 2 Methanoculleus 1 32 56.1
Betaproteobacterium Rufe9b relatives’ 1 4 Total 4 57 100.0
Rhodoferax 1 1
Arcobacter 1 2
Bacteroidetes 11 36 31.6
Bacterium Oil-Tsu-11 relatives® 4 20
Bacterium Oil-K-3 relatives” 2 3
Sphingobacteriales 3 7
Chloroflexi 1 1 0.9
Spirochaetes 3 4 35
Lentisphaerae 1 2 1.8
W18 relatives” 1 20 175
Total 45 114 100.0
a) 90~94% sequence similarity with existing sequences
(b) BEMECEEMEI/O—>51TFY () ERMEEEEIO—>51 T
Phylum Philogenetic group No. of OTUs No. of clones  percentage Phylogenetic group No. of OTUs No. of clones percentage
Firmicutes 22 116 97.5 Methanosarcina 3 36 72.0
Coprothermobacter 5 88 Methanoculleus 1 14 28.0
Thermoanaerovibrio 1 5 Total 4 50 100.0
Bacillus relatives 2 5
Clostridium 2 4
Proteobacteria 1 1 0.8
Bacteroidetes 1 2 1.7
Total 20 119 100.0
£6 70-274 771 OZHRIEREN
s a—2%  OTUs Richness” Richness” Diversity®
ES NG 117 63 171421 163 4.0
BEEME RN 114 45 90+18 83 3.2
Ak 119 20 34+8 26 1.8
RENGTE 41 13 - 15.6 2.2
HHE TR 57 4 - 1.0 11
b 50 4 - 1.0 0.9

a) Sekiguchi’s method (Sekiguchi Y., 1998) b), c) FirstGroup II program (Yu Y., 2006)

(12)
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FL75CTHY., &REROTH S THE Y 578
T AMECTH AL LS, BREFH RO RN
FEOBBIZECHIGEL TV 2w b, 612137
O— 7477 OLRREMBITEREZRT. Bt
OEIFAFE 4L, Richness. Diversity & & (ZHR
HILE B L TRE o 7ze DLEOREL2 S, il
L TIZHIREAL & i L CERRIED Z L\ E iR
w720, Firmicutes, W CH & 237 B fEAEH T
& % Coprothermobacter J& M & 5L L Cwi-2 &
HRIE STz,
(2) WHIATE O ML

£50 (o) & (D) (ZHIRHL & B ko 7 a—
YIA4TT) AR T . PIRHIL TIEEERRELIE X & >~
R T d 5 Methanosaeta )& FERE - K3 - A
FVALEY = FIH 3 % Methanosarcina J& vl # . 7K
FEAMERX & VAR Td 5 Methanoculleus % |
RO REENEA & v R EME ORI E T 5
TR D 4507V — T2 u— PGS NIz, —
F. EimiEAL TIEHERR O & % FIH 3 5 Methano
sarcina thermophila 1Z97~99% DA% R 27 0 —
e, KEBABEASY AR EMETDH S
Methanoculleus thermophilus \Z97% O A1 7 1% % /R4 7
O—D2 7 V—TIZOIFEI NIz, £S5 DL
AT O RE GbE 5 &, BEIEME & FARIC, HHlE
FEAEICB W T SR RN L & el L TRtk
DZLWHERETH - 72,

4.5 ZRFREREEHEOMEMBERED LS
(1) FIEMINEHE O
RTHEHHBRO /7 O—2 54 75) 25T, (a)
EIFME. (b) EHMRETh 5. BEIEMEEEL.
1177 0—=>09 5630 OTU 2HFH, FILXN)LTI
o EENE, PTHEATPRKE VDR

B ALIS & 2 FAHIROME L T 50V ¥ — R ORAL

Proteobacteria %> Bacterodetes |2 J& 3 5 {51458 T
ENDLMETH 5720 £S5 IRT L2, SRR
M b, BimiE b e s L TR O R E o 7. ARG
e iR b O EIEME 2 9% & . Rhodoferax,
Arcobacter, Dechloromonas J&%:\ 25 WHFEIMEAY R$ 2
0 — A% 9 Dbl LT S 7z TS oMl
— AR AL 2 & (3 S g, IEER2 S
MHENLMETH L, TD72, I OFERIEH IR
LA IZ BTG R R OMIE O DNA 2358 L Tw
LUREME R RIE L T\ b, — ., FEITGR & SinEit
OEIFMBEHEZ LT 5 &, WEIZB W CImoME
B WHHEMEZ RT 70— V3L ol 2D
AL U E A LA N LI AFNG IR R O M © DNA
WEEAEHFELEVWIERZRIEBEL TS, 2O &
6. EmEE TIIE OB X o THREGRBED
R IFER L T L 9 726, DNA D5 L
BRNZ EDHERE SN D, BREO &) 1SRRG RIZEE
HRMAEMHOEGRTHLI LD, UL LWD
TN SIS BT B KR 1o S LB L
TWwWhEEZLNS,
(2) IR

£7 ) IORTHEEFRO M HEL, 417 0—
YD) B3O OTU &2FhH, 7TOD7V—TIZH5HES
N7zo £E5D 6, LRI EMNIL. SEEAL & i
LTiRbRKED o7z, SFRIGIR L RiRHELo 70—~
TATI) ERET L L, REHER TR SN
Methanosaeta J& T #l i & FIRIHIL TR Sz 2h
PEETH o720 T2, HEHRR L B Lo 7 o —
YIATI)ERLETLE, REHERTHRIBS N
Methanosarcina J& 17 fl T & S L Tl S -2
NHRETH o720 LEDZ L1, KRENERD S
SN O DNA OInf% 2 difl i @ DNA 25HiR
HALR & SIRE R Om 2 bl S -2 L 2R L

x®7 FRFBEOI/O-F14TFY

(b) £EBREME I/ O—>514T5

(b) £EBREME I/ O—>514T5

Phylum Philogenetic group No. of OTUs _No. of clones _percentage Phylogenetic group  No. of OTUs _No. of clones _percentage
Firmicutes B 5 7 6.0 Methanosaeta 1 12 293
) Clostridium 2 2 Methanosarcina 2 6 14.6
Proteobacteria Rubrivi 3 68 581 Methanobacteriales 1 3 7.3
Rhu rivivax ! 8 Methanomethylovorans 1 6 14.6
odocyclus 1 4 . .
Dechloromonas 1 2 Methanomlcrob!ales 2 3 7.3
Betaproteobacterium Rufe9b relatives’® 3 11 Methanogenlc
Rhodoferax 1 1 endosymbiont of 1 4 9.8
Arcobacter 1 1 Caenomorpha sp.
Azovibrio 1 5 WAS Cluster 5 7 17.1
Bacteroidetes 18 26 22.2 Total 13 41 100.0
Flavobacterium 4 5
Bacterium Oil-Tsu-11 relatives” 1 3
Nitrospirae 1 8 6.8
Nitrospira 1 8
Chloroflexi 1 1 0.9
Planctomycetes 2 3 2.6
Actinobacteria 1 1 0.9
Verracomicrobia 1 2 1.7
Gemmatinonadetes 1 1 0.9
Total 63 117 100.0

a) 90~94% sequence similarity with existing sequences
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T,

4.6 FEEEOHEHEEESEHEEDESRIZON

TDO#RIE

6 (2RI & RE LI L TREHGIRO IR 5
ImIHAL D53 FERERE & EY O E O A TR T,
TITBEEHEL D USRS 2 . AR % - BRARR - K
FREERAG S - X & VAR O 4 BRI T A, F 3K
SrRBE I, LR A O SR LRI &
WL TEWOREE 2 Fi0. 7-UEWRE DT
5. HIREL TIEERG IR OBA W25 L <
WL EEZEZLNLDIIH LT, mimHbTIEERIZ X %
DT DI SN\, TNHED 2 DODF I HE
WIZFJE L7\ RIS, FRAR BB 12 35\ C i i b
DFERP S FIRELTIZE L COD a5 L
DI LT, SimiE b TIEE % COD Besr»3iH
FNTRAE T B0 WEEMTERAT OFE R0 5 1%, HFimiEit
TIE ML WA BB 2 S L5 o1k LT, &l
WAL TIZZ BN Z L £ Coprothermobacter J&fH T 7%
BEHLTWAS, 260 Ens, HiRHILTIEZH
BRGNS R BRI S 2 7R TE 5
B —EBOM RN AR - 72 EimE L O FR A B W AR 4L ©
3. —HOBMER T E T TErVwEEZEZ LN,
BRI A Y AEREBRE ClE, EBERSH D & hiRE
fETIE VFAERP RSNG00 720125 Ly il
L TIE HRT10~30H O #ipfl T VFA A%155~545mg—
HAc/L HRE L 720 — 7. WUAEMBERNT 2 51%, P
HALTIIMERBEENPN KWL S IZHESFANTH S
Methanosaeta J& i fl & 250 S AL, &imiH AL T EE
RN E WS I25 S G Tdh b Methanosarcina

- >
— -

A &R

B E S E L L Tz Bk Z &5, Himil
b & i b2 3517 B B O F5i & ik Wi 6
HORFEA L CIZRRMNITTE 5 2 EAVRRE N,

DEDZ 2T A SRGIRO P IRAL & i
LOHBDOF LHEFKEITIRT,

*8 FRRAFENHRHALETRACOEBDOE E&

P H iR i
TR 5 ek v O
HHEW) oy =22 v O
A B R O
HRT 555520 5 v O
FEAEVFAJE A B

Wi K O v
AR5 IE A S R BEIR
PAE Y REEE SRR O v

Ll O=HAH], O=F%, ¥=%5%

4.7 N
AWFFE L DA SN FERiEmRITROEY) TH 5,

1. hiEW L BEEbo 7O -2 54 75 1) DR
M6, EimEEHREEL S B L CEIEME,
I & B ICERREDOZ LWL TH - 72, EimiHik
O ELIF A BEE T Firmicutes 73975% D E A Td
). HTYH Coprothermobacter J&lllE 7373.1% % 15 &
THEE L Tz, AR SRR G LE 2 ¥ V4R
B M O M. thermophilus & IKFEEALE X ¥ > 1
B HH R O M. thermophilus 7215 7> 5 RE K, & U 5 HL
WG TH o 70,

2 . EREEREMEOyO— 2547 5) DD
5. EIEMEBEEIZ OV TIZH IR TIZ ARG

6 FRRBEOFERUEREIIMHEED S BHEE & MEMDREID

(14)
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EHE LR O O— A9 R E 2ok
L. S b i AaRmR e @ LMl 7 o —
YEmH I N o To TR IO W TIE, &
FE D SR S IR & Iig 2 A R R
AL & m iR L O 2 S Sz,

5. #VUEbEBmRMEILEHAEDE LT
A+t XDExEIt

5.1 HMREREE®

8 3EOREFIC L UE, BEHIROBERMEHE LI
KGFRERED R T H Do AE. FTARFRD 5\ Id4e
FIH PN L EAL A0 S R AR LB A i 2 & 12
Lo Ty KRG AEEE L, BESMERILO Koah= %
MEXEE) ETLRAADNECHE SN TS, L
LA, 29 LzfgRidE & LT~ 2B L
ST FRAETEALIE DB SE e Y% DL S e L T )
BEEME L 7o 2L LTED X HIZ L THANLTS

ZD7-0EE LI, SREELEORFENHMNTH 2
T UBAICER L. 4 UL & RN L v
ToHREO 7O A% BRT LR HE LW
1To7z0 METHEHBEIZRD 3 DOTH 5,

(1) &V VR E > MBS 7 1 A DK
SRR AE LI & BRI L O A G T & LTI

HER 7 D DITATLETH S, O F O HILE~EAT S

B ETHALIS & B FREIROBEL E =4OV F —FH O

ANCEEIIH LTI Z1T) FXTH B, LA Lad
529 LRI, HEICE ENDESRNS 75T T
B, DED LGOS ETUELTCLE ) 720
AR TH S, 2Ty HALHRICK LT v e
LChHMEIbE~ER L, BoMeEs7atx (F
VURMBIEER) 2 E R L2, TOHRTIE, —EY
{ba #E TR L 72 8RR 3\ 2 L CILBE 24T ) 729
WENRD I L5 EE 2 SN D, HRLHEER 7O+
2 LIPSO A & OB AT o

(2) WS ERARC BT 2 4 Y VB L EIC &
% 5y R S R

BESMEN AL B P RS & B iR 2
D23 5be (1) TSI B LT, #lA
G L HALEDSHIREM OGS & EREGOB IS
FNENA L L5 RIEER RO LE Z1T -

(3) MET7 2 — X WF Y VB OMAEDEIZK
DHA T O Y A X BRI 5

RREERE LE LT 5 HRMEHLICB YT, EiRH
1bIZ P REAL & L L T COD 4 =R & VSS 47 fif =
WREV, LA L, #FEME COD A 2ait S iz
B3 5 72 OWALHROBKEDSEL T 5 &) [iE
N o7z BiiHLTERE T2 DIEFITY X7 HT
HDHD, FRET ALY vy B3Rl B
THETRETH 5 2 & ATRIE S L7z VL 2006) o i -
T ERE LD BB ISR L2 BT A 2 212k D,

ARG VE TEIHAE

iR

AR

2z

| ERE > R >

(L) H i

(2)oM AFF I
(3)MOR AFF I
(4)mRTE L RENG IR
(5)0T AFF IR
(6)TOR AT
(NT™ RENG IR
(8)TOM AFF I

RRTHAE

7 AMETHEELHEIEEETOEX0 70—

(15)
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Em{H LD\ VSS 3R 2 g L oo, HimiE b
THHE B COD R O aiTH & THAMD
PESIIFECE 5, FARMAETIE. 2H2 S/ S
NAEET 2 — A7 a0 A0 A AL L., FiED
THALFE O H IR ISR LA ) LB 47 9 i 4
RV A B 7 ARG L 7o R R ALER SR ALERAE B & A
7 A TlE. BALEIESR TR HTE RO LT
VUM ITV, RO E0F FRBIETLE
I DIZxF L. HHEALE-CIERIE OMELH RO &= 125t
LCHY VI EFTH) T ENTEL, MET—XD
ADOTOEAZ TM 70t A, 7~ — X+ HfH
TV TS at 2% TOM 7ut 2 & L Cllfid
ATV, SNETHEILTE 7o A L OREN
MR 21T 9 o

5.2 HEEM4

M7 ICARETHE L8 20T atkAn7a—%
R, MRS T A iE, (1) PR, 2
OM. (3) MOR® 32 THh b, mimsfho 7ot X
X (4) EmiEML. (5) OT. (6) TORD3>TH b,
mE7 =207t 2% (7) TM, (8) TOM @ 2
DTHbD, TRTOTULATHH LWL &=
ERUAMARESL OEEREM) T2 5 —Th b,
70+t 2 HRT (34 C30H TH— L 720 Himig bl
DOIREEIE35T . i A O 1X55TC 127 %E L 720
T L, WLEEERO TS 1g 720 0.02g O RUG
= CHIICAT > 72,

5.3 HEBEHICHIZAYVMBOYHROLEE
#9121k, K7L ADEFIRE GEfI0H LUE)
2B BB REDOFIEE T & D7z, FiREHO T
O 228V Tid, COD 7 fERIE. MOR> RiLi
> RO NEICEN T zs VSS 5 ERIZO W T,
MOR 7Ot 2D Z s & I L TH LA 2 B
KEL\LELZZ EnS, MARGHEMEES N2 &
BEWT 5. 0. HILHROBEME, BAkA oK
BIZo iR e i L CTEALDR R SN otz T2
MOR (34 V' ¥ USRI XL ) & D28 20
b, MEENELE L2, o2 id, HbERIC
X954 BB, BREFRISH T A R
B L THRILS AV VRIS EIT) ZENTES
CEERELTWS, kRS, REEFICBVTIE
F B X B RIEERD R AT O . R SR O
MOR 7'H -t ZOF A HLE 7O 2 L) bRERIC
BENLTVDE I EDbhoT,

5.4 EBREHICHETEZFVCNIBOTIRD LS
#9 X)) BRESMEICBWTIE, BILHEB L O TOR

(16)

A &R

THEZAZBWTAY VERIUEE COD 4 #3125
R ENR SN h o720 HALTHIROEEN: & Bk
AWDOKEIZONTHEETH - 720 Hilme TOR O
VSS I EE T4 &, BimTlEd &b & ks
FRBEI AR & B L CTE <L A4V IS K B ok
TIRIEDRIRSIT E A EHN TV v, DDz &
Mo, EIREEIZB W TIEF U ALBRIC X B IK#
IRIERHEA/NE . T av R L L CTOSRIEHER) F
FEAERONLWT EAURE ST,

5.5 BEI7I—XRUVFEAYVAMEBOROL
S
BE7rz—X07atATHs TM KL TOM 7

Ot ADEHEE BT 2WEORNZILET 5 72

. COD W% 812/”"F s TM. TOM i ®

EimH LA 2 B W T, Jii A COD O#540%%% 2 ¥ 1k

L7278, BRAF S-COD Hi43 i A COD D #24% 4%

&l o Tz, TM HimiE Ll <l iRE bl TR

L 72 S-COD D#36%13 B ST A 7 YL L 7225,

P-COD D43 fiEid1Z & A EHEFT L 2 h o 720 TOM

T ALAE Tl S IR LA CTFREE L 72 S-COD 25#155%

W L7272 T L. ERELE RO P-COD s b

FI28% A L7zo 9205 TM, TOM M7 ut A &

DICEImEAL & s L CREMEIUE L Tnb, 20

MR HRE LS B W ORI LH R 0 S-COD B

GOEEEINTZEIERT A EEZOND, DED

g2 s, TM 7at 2 0diRE bl EiREbE T

B L7-S-COD # k3 40123 L. TOM 7'u+t

ADOHREAELZ TM 70t 2 L0 b %< DR S-

COD sy B3 5 L3k, P-COD B D43 b e

ITL72RH, R8IZAL L HIZTOM Yut ik TM

Tut A L) EW CODCr %R L7z it T,

WE7 2 — A0 EL LT, HEOTIRMILEIZBW

THEIRMEILH R D S-COD W% 4 L. SRt % o

HEWDLZENHRDL A VB OEE LT,

T VB X B EIREALTEROSEIC LY . BB

IE LA 12 B 17 5 P-COD K U° S-=COD O 45 fif % g5t

T5HZEDHES,

5.6 JLIBMEERESLEEL

#9 XD, P SESEMFOLE T, HILHRO
BB OB A O KREIIHIREGO S BEN S
A5, VSS I miR St O S W EIAZ B 5 72,
F VLB X B R Rh RS iR AL & e L T
PR LICBWTCEEEICIM E L2 L2 L 2 F
Z+ TOM 7ot A CTldEimiE iE KRS ee 12 B
NDOREICERE L, 4 LI LH RIS L
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B ETHALIS & B FREIROBEL E =4OV F —FH O

x99 BI7OCXDEFBRKEICSH T B MERELER

E s B3 BE 7 =—R
N
L R i oM MOR i oT TOR ™ TOM
DA K AERIFED L/g-VS |0.257+0.022]0.263+0.029[0.260:£0.024|0.262+0.031|0.256:£0.037| 0.248+0.0230.272:£0.026| 0.307+0.029
COD % 468+2.8 | 50323 | 56.0£1.8 | 50.3%6.5 | 48.243.1 | 515x0.7 | 565422 | 63.61.7
B VAN T cr
@t VSS % 70.623.0 - 58.02.0 | 58.9%52 - 61.0:2.6 | 58.2%53 | 625%33
WL IREETE (R 7 X Do i) | /L | 0.6520.06 | 0.73£0.10 | 0.68£0.06 | 1.8520.37 | 1.7820.31 | 1.80£0.74 | 1.1620.22 | 0.97+0.18
CODg, /L 40 - 3.9 8.0 B 8.0 42%0.1 43
@A A DORE NH,*-N mg/L 1890 1887 1820 1816 2260102 | 2120
PO,-P mg/L - - 997 - - 1042 1050442 1073
CER s g/L 116 056 116 0.62 - 061
a) IR B |2
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Solubility of Trace Elements and Heavy Metals
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Bull. Environ. Contam. Toxicol, 83, 752-756, 2009
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(Lycopersicon esculentum) D FEIZ BT 5 &)@ vl a1k

. Agronomic properties of wastewater sludge |
biochar and bioavailability of metals in pro-
duction of cherry tomato (Lycopersicon

esculentum)

Mustafa K. Hossain, Vladimir Strezov, K. Yin
Chan, Peter F. Nelson
Chemosphere, 78, 1167-1171 (2010)
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ZIX6HETT o) — b~ kM FIGHRIRNE L7z &8y
MR+ % 6 kg 7T L ALt HE1X10 t ha '\
fiftE (kg ha ') 132HEAT120. V) 270, A1) 7 A
2380& L7z,

(120)

pAL ORI L ), 13D EC, pH. &%, Y
UL B A o E (CEC) @ EHPED 51,
SBF [X® EC(053dS m™). pH(47), &%3% (0.22%)
SFXDY > (303mgkg™) HwdENo720

FIE SBF XK b <. IRWTSF X, SBIX,
CPXDIETH Y., 15:HDELIX, CPX2°168
cm. SBIX. SBF [X., SF X232 211075. 1135,
109 cm TH o720 Ky "H72 ) O FEFWEIZ D
WL IX 7223588 6 L, e KL SBF X092 g, #/h
X CPIXD619 g TH o720 SBIX & SF XD Hs I EHE
WEIZZNZNT38.797 g TH 1 IFIZFETH - 726
REDONHEIL12~16121T > 720 CP X &L T
SBF XOFFEHIX167%1E. SB[X & SF XKiZZnZEh
63, 122%CTH o720 Ry M2 ) ORFENE DL F
FER & RO PR X 22 HSFE0 H AL, F/s CP XD
776 g. T AATSBF [XD2514 g Td - 72, SB [Xix CP
X XD 64%INTH - 720 BALORERIX, ) > s
FOWKEZED L ZEPMENTBY ., Aok
THW 2B REALIE ) V251100 mg kg™ ' -
722EmBb, PYMOAEFIZEHLTW bDEEZ L
n7zz,

REFOMEILHED ) b, . L v XYY T4,
A3 EDREIX 2B VT dBHBEF (0.05F 7212001
mgkg ') FTH-720 SBF KIZBW Tk, b,
san, TryFEVHHRHBRRLUTTH o720 7 F3I
7 AEREEIZ. CP X ®003 mg kg "2k L. SB.
SBF. SF ##121004. 004, 005 mgkg '"TH V.
FEEGEH X2 BT HIRE LA RO i/, fi, i
. RUE, A MO UF Y AEEIIELX HENNT
ALERDLNT, o7 T AEEIL, CPIX
b 5 L RA R X 12 BV TIRWERNIZH - 72,
IN)V MEEIZAEEHX (SBF X & SF [X) 25Eh o 72,
F—=ZA N7V TOEREEL LT, SFXOA F
I LFEEMELETH o 72hY, MORETTHEIZILE
LD EPITRBETH - 72

DLl XD ZE S, HRAE ORI X D bFE
BoOHEZ RS T EDWHETH 1) . b
DA R 2 E oW LR E 2 EXE 5
ZEenn. RALY EALFRERI OB X, AL AR HLH
OLBEL VRN THLE LTV A,

CRZEBRSEHANWIZEAT g %)
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BEREHIL 7 0 212 B W CH b R RS 2 ik &
L CHEEN . BORSEN D 505, S ORTILEE
FEREDEE L 2 D0, NI KL~ 0
AGEEL Vo 2 2 THEE ST A S EE 0B,
HRBEA, HLEE DMK 720 ORI ER O
E THIRA I O 7250 0 15 i FIR B ARE B O KR &
Hig& U<, k- FRES ML (TPAD) O%)F
[ZDWTHEE L 720 TPAD it 7o+ 2 oHj
JLE R & L I o WAL H i LiRES0~70T
O BRI LA & BT T ALBE B B TR JRAR & SR X
ko fi, B2 It S50 THLH, 2NFT
2 TPAD & iR b, iR (L2 i L7260k b
DHS, ATLERfERE 7 IR LI Lz b L oLk E L7
HENE e F 72 TPAD OHALIEHE A 51 = X L 25K
WLPREZ RS 12 BT B KR ORHEZ L 5 D D DD,
SARBIN PR AN L LT B 7207, B I3 RTAL
HEMFICEDDOL0PBRESN TRV, 2T
FOIIMIETETRZ MR E L CRILE R & iR 1L,
RIS L 7238 O WAL IS D W CTHEREFERR & |
BRI TV (ADM 1) 12X B EMEMATIZ LD
Mk L7z,

FREFEERIZ04L OFTLEFE (HRT: 2H) 4L D
ML (4/LEESST . HRT: 13—14H) 2 W6 »
H I ERR % S0t L 720 BRSSO 5 LI
#50TC (117H). 60T (20H). 65C (32H). 1mol
OB X D pH4SIZ L. W LiE6ST (14H). H
{LiE3ST (75H) & L7ze FAEEIT4RM I LI
EEPEA L7,

FEEOFERE, I NROEBRSKMETL VS 5HFEIL
38% LL R L7ze TR b X SR 03
AR IL ORI IR T VS MEE, 25 V7
AFEERITE o 72A8, WESM (50C—65T) 12
£ % VS 7 REFEOUE IMERR S LT, A LIAE N R

(121)

60C. 65CTld A % ¥ HASEEOBIN L ER I N
Motze Tl BBIRINC XA VSRR, X% VA
SEAEwm o FIIHEE SN0 o 720 EIRATILEFE 2 B
VT % A REYE COD i BE 3 AL BRAE 12 R TR 7
0. BRI X DR L7z SR AbIC X 2 AL rss
DY, HEOMLEANIZ T, B P CHE D
55% DA L ralEibsni oz L L
D35 A RRERIE A YE COD IR EE & Rl ER D fE|H
WWRLTHBET, BiRMELIC X 2B o413 h
HELIC X 2 AT LB O A IR TK L 2> Tw
72 SAUE, EEMILIC X LR IC B W T AR
WO EACIAEE SIS 25, AHRERIZ IR S Cwn
HTWZ ERERLTWS, 72717 — MI0TH 5
60C D EIRIEILIZ X A BB O34, BamEm %R L
7eh3, 65CICHNIRE X LA SETH 77— Mo
My 52 Eidhrole FRBAMOYE, 7T —

MR IZF IR LCB Y mERME T CIE SR
E MR GEAEDSE L TWD 2 EAURIBREN T2,

FEBRAG R & B L 72 FUERT oS R mimE I &
5 AT LR DK 3 2 X IRIH AL LS & B BTALER 12
TOT% L ol L LGS, AW HEIZIE
W22 223 T o 72728 Bl bl & 2 BiLsEiE s
PV o O & 0 b 5 iEEE ORI 5 v T
LHDEFEZLNL, TOZENL, TPAD VA7
LML H DM SN D L2 X ) LA R O
W DFDEEI A POMEDTRETH L LEZ LN
5o

LI & D RLEA IC BV TV O — A D
LRI SN G570 LA LA H, BEELR
AEYNE ) THERE S T A RBESE ORGSR I NI E
B % 300 CHL Y At 2 EATHRETH . SR
B OWALAEIZ BT AH RO EFE COD R
1,000—2,000mg/L 7> & . {HA LG e O @ fEE COD 1
500mg/L L TFIZZ% > TWwWb Z &5, TPAD 7ut
AN BN TR S 72 KRG DI 53 F 4 205 HE W 4 it
ENTVLZENLLHLNTH D,

RFEERIZ BT, BTLHEAEN T o AW ok e 3
THHIZL 05T, TPAD ¥ AT ALK TIE A
¥ ARG, VSOERE L Il Tz, &
D ENPOLART O ZTEmFELIC & 5 R IX %R
O BT 5 HE OMAEWFIHRIZF RN TH 5
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e v R MEEYEMN O R - fR A O BUR & 3

Hia Y KA PFARWEM D
HOHLIR & ad

MEBRIXFENERBFE

F—7— KGRI, R YRR N, BERE,

DOOBENZIZY) YEEDR R ) VIADIRIZTER
WA SH A L TW DAY, 7 A 7 Ol 4Tk
(19964F) & W E OB (20084) ik b, HA
D) VA DB AIFE L 3R ICEBEL TS, T
KGRI, D ETHEMBEEINL TS YO
5% EEFNTVLEOTY, FTABRPD) » % i
THRFAHAT A ENERELRELEL Lo TETWY
223~ NOBEORHEDB SIS, EEE
HBICESEX, ZkoH FI v 20 EME%1.0me/ke
T 5 504mg/kg LT NRE T 720 OG5 5
NTwaY, oo, BMHEOREDHED?S b .
BRIy AEESESELTEICER L 2 AR S
B OTEERFFHHEAM OFEL AR D 5T 5,

AT, FREHICBT L TRIGREERYERD
TEERFIH AT B 720, KA EROESEE
FErliE L. SO ERYERORFIHO S )
TNZDOWTE R THRIZ,

1. BEEHOMERE CZEAENERNE
ERREDLE

HEEEANOBLOET ). AREEREDOER O
ZRbB L OHBER ORE - 0% EniRn e &2k
VL CSERC TR IS BRHIRR R SR S v, HRIEERE (T
KGR, LIRIGTRIER, TR, HemiG i
AUELB & OB RS FEAIEL) 13 @ R A2 DT 5,
F— 1 OBRERIEEOLEMHFEE SNz, HIRMEE
ORI D EFE =133 t T, TEAE 4RI
5D BEAE1X136% & o TWnBY,

METTEE ALY ~ ¥ — 1281 2197545251998
FEORKBRFPOFHEEBEE>FR - 21281

gk
T

(123)

(I F)

JESN TS S
H
x—1 SEEROESEEENDEEE
EENVEHEIND
TH H - i %
v # | 50mg /§#Mke KESERET. BK

7RI L 5m g / #Wkg 100/ CHE; [HFZME L 725K

K8 2mg /Wekeg | B & EMOKER BERE

Zv v | 300mg /§¥eke | FARBISEITENC LV EE
7 B A |500mg / ¥¥kg
& 100m g / ¥ %kg

MG, LRGSR TEmIRIER REamIRIEE BEk
5L, IR TERE LR

K—2 TKEEHODELBRENEFEI (e
mAER b2 )

5o TIKTG e DERHUE

B 75~79 80~84 85~89 90~94 95~98
0 F (mg/kgizhy) | 617 404 281 379 356
HRITA(mg/kg ) | 454 132 082 159 218
K (mg/ke @) | 229 096 049 053 045
=7 V(mg/kg W) | — 246 135 — —
yas (mgke®¥) | 69 50 36 181 183
5% (mg/kg &) | 108 948 769 292 184
$i (mg/kg#%) | 177 133 994 984 121
Ten  (me/kg W) | 1046 850 559 343 392
SAE 2 ~ 12MEHRI L 72 KI5 IR0 % B &R il O THMl (H AL

HA 505 m®)

KPR ROWE (2001) % b & AR

727, F-2X0., BwEEELYE Yy — DT KIFRT
OEEEIEEIE. EBIEZERT OHK L I O nR L5
W2& DL 1975 Dk, FEAKT L. 1995~19984F DT
KEROOFE, H# FI VA, K, 7aaBLUHD
IR, WIh bR - 1 OFEREROESIEREE
DOFEHEMHEEZ TR > Tnb, F72, FFEDOTKFERDOF
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REEIEER
HRERIER 17
g 103Ft
11.8%
0.0%
0.0 1.0 2.0 3.0 4.0 5.0
&= (ppm)
TEEREM
BRI 112
g 1147t

2.7%
0.0%

0.0 1.0 2.0 3.0 4.0 5.0

A &R

UBR S RRER
HRNGEAIE 386
AETER 69Tt

38.9%

10.1%
3.4%

0.0 1.0 2.0 3.0 4.0 5.0

& (ppm)
KB
HRNEEIREL 94
ERER 82Tt

9.6%

0.0%

0.0 1.0 2.0 3.0 4.0 5.0

&7 5 (ppm)

H—1 BERERFOH KIS LEEDHT
—BEMKEEEBELRERINTE 2 — P ER I ~19FIZIALABRETCHM LD —
KT OHE (2009) % b & I2FERKY

B SE E392me/kg 1% 1975~ 19794F 0 S35 i 41 i
BE1046mg/kg D1/ 3ELIZE TR T L 72,

- 11&. BMWOKEAHEEREHM L~ ¥ — 251999
72 52007 DA T oM L 723G JeilE R o 7
NIV LAREONEIRLZ2bDOTH B, EhY
72D DH R I AREDN 2mg/kg w2 A EIEIE
LIRTGIRIEET389%. RETHREET11.8%. TK
HIREAETIE96% & 72 0. TARGIRIEEF DS F 3
T AEEIE, STEOHREROF TR o7,
T/ LHHEKDSIRA L T v LIRBIRIEEOH F
STULEEIPRDEL, 3mgke w25 L ON
101%dH o720 TN OFHHRERIL. FAZ LIRRATH
MEHEAK 2 ILBR | T B R SERVE B L % O 43005
R BB THDAHAT IO, EETALEDND
HIZERRIEL TWb,

—Ji. F— 31, PESY A5, 1989~19994F |24
NIRRT T L 7228 5 AHERE K 5 AHERE.,

EAAMEOESR
LOTH A%,
STHEOMEM O ESBIEE L. WL b iHRIER
DOEEBIEEM L )R, 5 AMROSHOR AR
#3106 mg/kg T.100 mg/kg DIEMEAE % B 2 T 72,
T2 MAEAHE O & i dh o FIE 185 mg/kg
£ 630 mg/kg (X, 1995~19984E DR A E Lt >~ & —
TOKTGIEOH & ROV 12] mg/kg £ 392 mg/
kg LD EL, SNOLESESAEDOE VRS MR
RIS AR, B TIEANESENER L
BWEIHHEFICLEEILETH L, T2, 5
AMENR O B BRI O IMEIL. 1995~19984FE D T K
HROEGIRREOTIEME L DR AS, 5, fiB LY
HER DR IR IXZ 121106 mg/kg . 1336 mg/kg
BLU3198 mg/kg &R0, EREICESRELTGA
S AMROHEEDRMERTE 2 TNHLDOEEEIE
KERDRIEMIZE N T EEM DY <. m'J“é’?H

GHEOGHHRE L) T LD/

K—3 FHEOERLGIRESIAIACKRKIAMDEREEERE

5 5 5 AHEE (n=112) &5 AHENE (n=32) Fa5 AMEML (n=83)
H
FIgE kebME O RORfE | P RAME RORfE | CPIRME sOME ROKME
U F#  (mg/kg ¥%W) 1.46 0.00 187 0.63 0.00 2.55 1.24 0.00 116
3 7 & (mg/kg %) 0.38 0.00 2.87 0.50 0.00 1.33 057 0.00 394
7J< #$ (mg/kg ¥ehn) 0.06 0.00 0.28 0.09 0.00 0.44 0.09 0.00 0.69
# (mg/kg §24)) 9.46 0.00 106 6.55 0.00 700 8.17 0.00 76.2
£ (mg/kg §24)) 72.6 3.07 1336 185 278 415 43.0 129 106
o 8 (mg/kg ¥2W) 258 30.3 3198 630 228 1167 379 67.9 741

S BSR4 A S (19804E ~19994F) . 4T ARHRIC & Dty (2002) % b & I FERE”

(124)
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fill $H Cd Hg As Cu 7n Pb
ATy EAL 0.1~0.54 0.01~0.21 0.07~01 12.8~464 49~189 0.79~139
RS A BA B 0.05~2.1 0.005~0.13 01~16 50.1~639.5 56.5~1564 05~182
FESAA T Y HEA B 04~28 ND ~0.06 0.3~22 30~60 300~500 tr
TAEIET R A B 061~59 0.31~49 0.6~244 108~380 350~3300 15~122
HlTIarEA R 042~152 0.05~1.07 054~2.15 18.7~127 71.6~350 3.35~456

MHAT ‘mg/kg 8247, ND: AHH, tr: JEBR

s [FHF A &I LR T SR IR b 2 BRI R E— S AR RO — ) BARTIEIERYS (1988) L7

DFGEIT B 72 o TRIPAT LT 5 T = 9 7
ECTh D

Fro, F- 4IFI988MEICE N FLOOLNTRE S A
I YARA N ETKRERRSLHT ATV KRA NOEEE
BEDGHFERTH D e - 4 DFEESAT L ER
NOELSEEEORKMEIZ, TIESDOE D F & OfER
F N BCHFIZTARGR T AR A M OESEREIL.
£ - 208 HERILE Y ¥ —TKERPOELIEEE
0. RKIEICHE LS 2> Twab,

INHOFEFER LD, FTARHBRPOESERE X
FELET L. KREDOHEREROESIEEE IXERE
BoFMEMEZHHZ L TWbh, —. RESAHEOE
ERBEEOFIMEIE, — 52 B X TARER X DA,
BIEHMOMEHEIZL>TRELLBVDLIDLH DD
T, BEHREHIZYS 72> TE, FroEE 2% LinE
DF v 7 &ITH)TEVRUTH %,

2. BHRIAAKAZ MNEED R NDOReHEESR

TAKERT VRA NI, EE U VOFHEREITEW
My M) EAEIID RV B, BAAMERI, 2
) roEEERRVA, H)EEEIEL, /2.
TEERTOSEITHRIEE L ) BOEEHH 5. F 72,
AR & 912, FHBEWEM OREE 750 B4 8 R
WFENENELY, —DOOEWHEMN % RIARMER L
TWhIETIE, RS O R ZREmE F 72133855
TV ADEA L B VIEMOAF IR E L TS
CEDHOLNT WD, TD7zn, 2L EoAEY
EMRRAE L. STEMORGTINSY — 2 2H - 7257k
BEaVRAMNOEENHKASN TS, TKIBREE
G HIE DAY EN % @R A LA T v R A b
IR EOESERE LY T, Bt THIEANOFESEOE
FBEBCH2S b, 5% S 5% 555 & FHHE
DI TE %,

TAREBEREFSA. TRFEREATI ZRAE L7
EBTFKBERIYEANDT — A AT IR 5
Brcik, Aoy RAMOAICL Y, BIrHEE & H
EREONEB L OHED T — A A0 ¥ OAFEDT HE

(125)

R EDIRENSY, o TABREETI ZRE
L7zRE T Y RAMNXOT — A A0 JIHEEDE L
Hr7z e AL KIZD % 055 BRIEVIE R CTH b F 72,
TARFBRESSA, ETI A—VF v T, HEKE
RBELTIVRAMELZAFMORE I RA MDY
A a Nz y AR CIE, TRBREETI ZIR
BLIRAEGEa Y RANKDOY A a2 NEmRdE <
F7o. BEBHEOS0% *RET Y RA MR L
T, ALFEEX L ERME TR E REVDITFLDO 5
N7 VB R 25TV 57,
W2, AR TARBRIT Y ARA M FLiRa v EA N
OERMERA, KB, /M, MEBX 7oy 3 —
WEHON K37 AN EOEEICG 2 5 EE %
L 7Aoo R O SRR B A AT
BV, F—5121F, FABRT YRR N OKGIHHE
BERR LT, g R X M. C/NHIOT, &Y
B Oh Iy A, . HEFREIX, 212108
mg/kg. 157 mg/kg. 361 mg/kg TH>72o FKIFHR
Y RAMOHEM (200342 520084E) A3, TEMOIX
BEMEHON FI T LARBEICRIZTEEYFE - 612
L) FEwi, Bt TiE. BEEICEHY T, F
Jea v RA T &150kg/10a it L 723 Ex X D IR 1,
FEH L 722 Wt BRI I E 721X SR Th - 725,
Gl ¥ RA - Ot &E % 500kg/10a (ZH %29~ & B
BIEATHIRE L o lze 72, WML TR,
HiR T v RA N 2B T150kg/10a F 7213500kg/10a
L 72 BRX olaEiE, e R ATl B L
TWALIZEDRTD b, T2 WTNOTIEIZBWTY
VEWTT &I O 7 R 37 A, ERSIEREMRE (N
02mg/kg FrisfE, /& 01lmg/kg FiEE, 7o v

£—5 AKRTKERICKRI NOEHRDEES

BOERE
SWIL 72 ) OB ERR (%) CmJiﬁ%&mywmy
C | N |POs| KO | CaO Cd | Cu | Zn
231 | 231|379 | 015 | 189 | 100 | 080 | 157 | 361

HRRAR TABITRT S KA b (LB > HA b KT &EF109%)
XHAREROWME (2009) £
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Fz—6 BEEIACRINOEAPEMOINE ER]EED CAdEEICRIZTHE (tBELHRER)

KE (2003) KE (2004) HE X/E (2005) /NEL(2006) KE (2007) 71y a1 —(2008)

+ & B IX | THEIGE CdiEE | T9EME CAigE |79 0E CdE | TENRE CdEE | 7EIE CditlE | 8% CdiE

(kg/10a) (mg/ ke |(kg/10a) (mg/EEkg |(kg/10a) (mg/ EEkg |(kg/10a) (mg/E ke |(kg/10a) (mg/{iE ke |(kg/10a) (mg/iH ke
. xR IX 396 0.039 368 0.042 447 0.077 189 0.007 339 0.018 1150 0.001
e 150kg HH X 337 0.032 403 0.042 499 0.073 230 0.006 337 0.022 1450 0.001
. 500kg a8 [X. 318 0.025 344 0.036 477 0.079 178 0.005 360 0.018 1340 0.001
B xR IX 326 0.033 304 0.033 442 0.046 189 0.007 333 0.017 910 0.001
. 150kg #H X 348 0.036 367 0.025 474 0.061 194 0.006 341 0.019 990 0.001
i 500kg L [X. 339 0.030 402 0.018 527 0.060 160 0.005 338 0.011 1100 0.001

MAKARTRGRET YHRA L Bz > KA D) ZEFEHRICBIYTl0a 472 1) 150kg F 7213500kg M3 2 WA X & i L 2 Wi B IX 2 3% 720

MPARREIROHE (2009) L

1) — :005mg/kg #rfEE) L VKL RoTze WEHO
BRI LB, 150kg/10a A X Tl HRIX &
RELEIRD SN Do 7208, 500kg/10a #FX T
R T AR Sz, Zid. 500kg/10a 8 H X
TEIEp HOEAIZK D, B F I 20X
wEME T L2 EDEREEZ BN D,

FRERBRAEE R LD . AIKRTKGR T VAR F o
I tHER O B3I A, 1, HEEEIZERT
L2000, FAEFCEEp HY EAT 50T, 1EW
HEICWRILEN D H F I 7 ZEEIE, WRIXIC A
TTAZ ENgmol, LD HMETFT 5L, -
BPEOA NI 2AEEERIER L. /EWICTINS
R % bD T, TRIGIREH Y &M O bl 12
Moo TiE, T HOFHIZITToEETAIE
PR TH 5,

72 bDENT) YEFEEZRAICZL > TWEDT,
) VEFOEBHEEIRCHE 2. Sk b TKE
TRNEREE G B E IR OB R A & — R EtE 5 2 2T
BHbhHo TOOIZIE, HIFH T LB OGRS
¥ — B o ESMRR AT ARG VR AR
OFFER 18 p H B EEEE OBRER/EW I 5
ROLBERRE BT 005 ) TV AT

LDOMESIARKD HINT W 5B,
SEXH

1) FEHRER  FKEROBEISFTHREEICOWVWT, B
A LRI, 33 (125). 4043 (2009)

2) BHIEER : J SHATKEFERIBIT S FKE
RARFIHIZB 3 2 AT OME., 552210 T KiG
ROEFHICE T 51 3 F —#EEMESE. 20-33
(HATZKERHE . 20094-10H)

3) RIATK 1 ) v &EMEMEO I T AR
9 a, HELFME, 33 (124). 6-10 (2009)

4) KFEF - HREROHEIOH ) 7 IZB 3 5Bk
ZIDOWT, FAEEFA, 33 (125). 23-31 (2009)

(126)

5) PEMIEE @ BT E 4R R R o0 47 [ 72 AH
AYAE BB SFIME OB HEMEIC T2, T KER
&RE. 38 (461). 135-143 (2001)

6) PrEMEARHE, EILAA e, BIEE AL : RESA
O E &R & EOREE, HARIIEIE AR,
73 (4). 403-409 (2002)

7) AARTEARRES HA G IR ER O
PR DARERITIA  — B AR R O — .
p.1~60 (1988)

8) EEEIHING © 7— A A0 IkFT A AT 8
A N ORI, FA LRI, 28 (109). 24-27 (2005)
9) AL &L &4 aszx§ sEE TARERD
AR AN OB AL R, 28 (109)
. 2830 (2005)

10) WA ARGRTARBGRT AR ORI EF
Reabs, A EFIHL 33 (125). 75-80 (2009)
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FHE 2 THN S N7 Q & A DB EITA86(E (9 4E)
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LTS 720, BEEYOR - Ma%iEL < LTw % BB, ERBIRONEL 7 5> T b, BKBIR
ZONBURTH Y, FEMMAICOAX BB 52T DSV, LI O TR A S Sk
W5, BEEBEFEMORCHROBEEI R LS. 1 ZBIR LTV 2,
UM% % EDTVD, ZOFHROLE - 3R % 5#Y) - 4
BINAT, BEE - BTN F— OIFEHES % 5% £1 Q&ADAER"
TAHZ LT, MOTEENOBENLMETH S, SR s
FHIROTEAEFIC I, AULE Y Ul 2k, T —
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2 B X R & OBEFEIC OV TR oty o
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2. FBHROWIE - RDBRIFICH T 2R " e e
() BARBSEE ALY ¥ — ik, B, [ - _ o
70y s YIHES ] RBIEL Cvde 70y 25l 3. BREOHFHE L BENRORE
WSS 51 2 3T —~ 3. FEEWBCES .
W AR, FEE RIS AR IR, PE R 3.1 BROGHE?
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